INTRODUCTION
Soybean [Glycine max (L.) Merrill] is currently the most important oilseed crop cultivated in the world, by both its economic and nutritional significance, and its production is still increasing. Brazil, with a cultivated area of 25.04 million hectares, is the second largest grain producer. In 2011/12 Brazil produced 66.38 million tons, which represents 26.5% of the world's entire production [1] . There are several factors that limit soybean production, among these are biotic factors, such as pathogenic fungi, bacteria, viruses and nematodes. Plant-parasitic nematodes are known for causing great yield losses [2, 3] . In Brazil, nematodes that have great damaging potential for soybean are the cyst nematode, Heterodera glycines Ichinohe, root-knot nematodes, Meloidogyne spp. (Goeldi), reniform nematode, Rotylenchulus reniformis Lindolf & Oliveira, and the lesion nematode, Pratylenchus brachyurus (Godfrey) [4] . Nematodes of the genus Meloidogyne are widely spread in Brazilian territory, and may affect negatively the production and quality in infested areas. The polyphagia of Meloidogyne species, their physiological variability and their wide distribution throughout different producing regions are serious obstacles to successfully control this parasite, particularly the crop rotation [5] . The use of resistant soybean cultivars is the most efficient and adequate control measure used by farmers [6, 7] . Specific soybean breeding programs have obtained many cultivars with resistance to different Meloidogyne species, and increasingly research has been carried out in order to select resistant soybean cultivars adapted to different regions in the country. Sometimes, however, the results turn out to be divergent, which is largely attributed to the lack of standardization in the methodology used to evaluate the resistance and the different evaluation criteria used [5, 7] . Therefore, the present study aimed to evaluate the response of 12 soybean genotypes to M. javanica in order to select resistant genotypes with reduced nematode multiplication in the field.
MATERIAL AND METHODS
Experimental assays were performed under field conditions in a naturally infested producing area in Julio de Castilhos, Rio Grande do Sul, Brazil (28° 04' S, 53° 39' W), and in a greenhouse at Central Cooperative Gaucha Ltda. -Unit Technology (CCGL TEC -FUNDACEP), in Cruz Alta, Rio Grande do Sul, Brazil (28° 36' S, 53° 40' W), during the 2011/12 harvest. Field tests were performed before, due to the availability of the area.
For the study, 12 soybean genotypes with unknown response to M. javanica were used (CEPsRR 07224, CEPsRR 08414, CEPsBt 09018, CEPsBt 09021, CEPsBt 09030, CEPsBt 09033, CEPsBt 09036, CEPsBt 09049, CEPsRR 09086, CEPsBt 10129, FUNDACEP 58RR, FUNDACEP 64RR), plus the resistant standard BRS 256RR [3] , and the susceptible standard BRS 243RR [3] .
Evaluation under field conditions
In the producing area, the sowing was performed in two dates: October 27 th , 2011 and November 29 th , 2011, with a layout of 1.00 m × 0.50 m, in a completely randomized statistical design, with ten replicates, where each plant was considered a replicate.
Evaluations were accomplished when the plants were at the R7 stage, which occurred on February 23 rd , 2012 for the 1st sowing date, 118 days after planting, and March 03 rd , 2012 for the 2nd sowing date, 126 days after planting. For the assessment, the plants were removed from the soil by digging, and the root system of each plant was evaluated regarding to the intensity of galls, using a scale from 0 to 5 suggested by the National Protection Service Cultivar, MAPA [8] , where 0 = immune; 1 = one or two galls, normal root system; 2 = few small galls and well developed root system; 3 = small galls and slightly damaged root system; 4 = many galls and damaged root system; and 5 = root system completely taken by galls. Each genotype reaction was based on the average grade obtained for the number of galls on 10 repetitions, considering the two sowing dates. Genotypes that received grades up to 2.0 were considered resistant (R), genotypes with grades 2.1 to 3.0 were considered moderately resistant (MR), and those with grades above 3.0 were considered susceptible (S).
Evaluation in greenhouse
The same soybean genotypes were sowed in 500 mL plastic pots containing sterile (oven sterilized at 90 °C for 10 hours) sand and soil substrate at a ratio of 1:2. Planting was done on March 20 th , 2012. The inoculum of M. javanica was obtained from soybean plants from Julio de Castilhos' field area. The extraction of eggs and second stage juveniles (J2) of the nematode was performed according to the methodology proposed by Hussey & Barker [9] , modified by Boneti & Ferraz [10] . Counting of eggs was carried out in Peters chamber and the suspension calibrated to 1000 eggs/mL. The inoculation was performed 10 days after germination; therefore, each seedling was inoculated with 4.000 eggs and J2. The statistical design was completely randomized with ten replicates per genotype; each pot containing a plant represented a replicate. The seedlings were kept in greenhouse during the experiment with average temperatures of 12.1 °C minimum, and maximum of 30.3 °C. Fifty-five days after inoculation (May 24 th , 2012), the plants were brought to the plant pathology laboratory of CCGL TEC, and the plastic pots were carefully removed. Then the roots were separated from the shoots, washed and evaluated for gall index (GI) using the scale suggested by Taylor & Sasser [11] and egg masses counted by acid fuchsin staining [12] . Then, the extraction of eggs and J2 of M. javanica was accomplished by the methodology proposed by Hussey & Barker [9] , modified by Boneti & Ferraz [10] . The counting of eggs was carried out in Peters chamber with the aid of a light microscope. The number of eggs + J2 was used to calculate the reproduction factor (RF) as in Oostenbrink [13] . In this experiment, the resistance of soybean genotypes to the nematode was evaluated according to the classification proposed by Canto-Sáenz [14] .
Field and greenhouse data underwent analysis of variance (ANOVA). The discrimination between the treatment means (genotypes) for the variables gall intensity, number of galls, gall index, egg mass number, number of eggs and reproduction factor, was performed by the Scott-Knott test at 5% probability using the software SASM-Agri [15] .
RESULTS AND DISCUSSION

Evaluation under field conditions
The evaluations of root systems of soybean genotypes grown in soil infested with M. javanica, resulted in gall intensity values ranging from 1.8 to 3.6 in the 1 st planting date, and 0.8 to 3.3 in the 2 nd planting date (Table 1) . For the classification of soybean genotypes reaction to M. javanica, the average value of gall intensity obtained over the two planting dates were calculated (Table 1) . After analyzing each planting date separately, the first planting date showed the following genotypes as remarkable: CEPsRR 07224, CEPsBt 09030, CEPsBt 09036, CEPsBt 10129 and FUNDACEP 58RR, which shared a similar pattern of gall intensity resistance ( rd the FUNDACEP 58RR genotype with a result similar to the resistant standard BRS 256RR (Table 1) .
Some genotypes had distinct mean gall intensity between evaluation periods. For example, the genotype CEPsRR 09086 had a gall intensity of 3.3 in the 1st planting date, and 1.7 in the 2 nd . According to the rating scale provided by MAPA [8] , in the first date this would be classified as a susceptible 
Gall intensity: 0 = immune; 1 = one or two galls, normal root system; 2 = few small galls and undeveloped root system; 3 = small galls and slightly damaged root system; 4 = many galls and damaged root system; and 5 = root system completely taken by galls.
Average of the two galls intensity assessments.
R = resistant, MR = moderately resistant, S = susceptible [8] . (4) Means followed by the same letter in the columns do not differ significantly by the Scott-Knott test at 5% significance level.
genotype and in the second as resistant. The genotypes that showed lower galls on both assessments (1 st and 2 nd dates) were CEPsRR 07224, CEPsBt 09030, CEPsBt 09036, CEPsBt 10129 and FUNDACEP 58RR, besides the standard BRS 256RR.
Considering the average of gall intensity in the two growing seasons, only CEPsRR 07224 and FUNDACEP 58RR genotypes were classified as resistant (R), along with the resistance pattern BRS 256RR. Moreover, only the susceptibility standard BRS 243RR was classified as susceptible (S). The others were classified as moderately resistant (MR).
Several studies use only the index/gall intensity in order to select soybean genotypes showing nematode gall resistance in the field, especially when evaluating large quantities of materials. Dall'Agnol & Antônio [16] assessed the response of 1144 soybean genotypes in soils naturally infested with M. javanica and M. incognita, using gall index as criteria, and selecting only 37 strains as resistant to M. javanica and M . incognita.
Based on the results for intensity of galls in this experiment, it can be established that the genotypes are resistant to M. javanica, since all were classified as resistant or moderately resistant. Besides the differences in the intensity of galls between the genotypes, visual differences were observed in the size of plants, especially among genotypes classified as resistant and susceptible (Figure 1a, b) , and in the standard. In the susceptible standard, the roots were completely seized by galls of M. javanica, with a scale note of 5 (Figure 2a, b) .
Although the evaluation of soybean genotypes under M. javanica naturally infested conditions closely matches field reality, some factors may have affected the results. Among these are the heterogeneity of inoculum distribution in the area and the adverse weather conditions, such as severe drought that occurred in the 2011/2012 harvest. These environmental changes, as well as the differences in the intensity of galls observed between the two planting dates, motivated the experiment in a greenhouse under further controlled conditions. 
Evaluation in greenhouse
Considering the results obtained for the number of galls on roots, the genotypes were statistically divided into five distinct groups (Table 2) . Noteworthy are the CEPsBt 09036 and CEPsBt 10129 genotypes, along with the resistant standard BRS 256RR, followed by genotypes CEPsRR 07224, CEPsRR 08414, CEPsBt 09018, CEPsBt 09049 and FUNDACEP 58RR. BRS 243RR confirmed its susceptible behavior displaying the largest number of galls, as well as the highest average of gall index (GI), statistically higher than the other treatments. The lowest GI values were observed in genotypes CEPsBt 09036, CEPsBt 10129 and the resistant standard BRS 256RR. For egg mass number (EMN) in the roots, the genotypes CEPsBt 09033 CEPsBt 10129 and FUNDACEP 58RR had the lowest average, differing statistically even from the resistant standard, followed by genotypes CEPsBt 09018, CEPsBt 09021, CEPsBt 09030, CEPsBt 09036, CEPsBt 09049 and BRS 256RR. In this experiment the results of egg mass number (EMN) exhibited a relationship with the results obtained for the variables GI and RF. According to Lordello [17] , the number and index of egg masses express the nematode reproduction in an estimated fashion, and is not entirely accurate, since egg masses may contain from a few to more than two thousand eggs.
The variables number of eggs and RF, except for FUNDACEP 64RR, were lower than those observed on the susceptible standard in all other, highlighting genotypes CEPsBt 09033, CEPsBt 09036 and CEPsBt 10129 that responded similarly to the resistant standard. The susceptible standard BRS 243RR and the FUNDACEP 64RR genotype had the highest number of eggs and reproduction factor values.
Genotypes CEPsRR 07224, CEPsRR 08414 and FUNDACEP 58RR, although they had relatively low numbers of galls (13, 13 and 16, respectively), seem to be good multipliers of M. javanica with RF> 2. In practical terms, cultivation of these genotypes could double the population of nematodes in the planted area.
Dias et al. [18] , while testing the response of soybean to M. enterolobii and M. ethiopica observed, in a general manner, a positive correlation between GI and RF for both nematodes, but in the case of Table 2 . Variables used for classification of soybean genotypes reaction as to infection by Meloidogyne javanica and average results of the evaluations in the greenhouse.
Genotypes
Gall number CEPsRR 07224 13 d
2.8 d
83 a (7) 11674 b
2.92 b
S (8) CEPsRR 08414 
Number of galls per root.
Galls index proposed by Taylor & Sasser [11] .
Number of egg masses.
Number of eggs.
reproduction factor = final population / initial population (Pi = 4000). Oostenbrink [13] . (6) Response according to the RF, where RF <1.00 = resistant and RF> 1.00 = susceptible. Oostenbrink [13] .
Means followed by the same letter do not differ by the Scott-Knott test at 5% significance.
S = susceptible. Oostenbrink [13] .
M. enterolobii, there were exceptions. The cultivar MG/BR-46 showed low GI and relatively high RF, while cultivars BRS 213, BRS Corisco and Ocepar 4 Iguaçu showed an opposite behavior, with high GI and a relative low RF. Considering only results from GI [11] evaluations, CEPsBt 09036 and CEPsBt 10129 genotypes and the standard BRS 256RR were classified as resistant (R), with a GI value of 2. The remaining soybean genotypes would be classified as susceptible (S), with GI values between 3 and 4.
Although there are genotypes where GI does not correlate with RF, soybean's genetic breeding programs typically select the Meloidogyne spp. resistant material based only on GI, due to the large number of lines to be tested (thousands). This is justified, since GI is an easy to determine parameter allowing also to promptly evaluate large number of lines [18] . The GI is also the standard parameter in assay protocols to evaluate the response of soybean genotypes to root-knot nematodes by the National Service for Plant Variety Protection [8] , and is used as a parameter for genetic improvement. The gall index value is an important information, it allows the producer to use a soybean cultivar with low GI (≤2) in an area infested by gall nematodes, and still expect near to normal production without major yield reductions. However, it should be noted that the choice of soybean cultivars based solely on GI does not take into account the multiplication of the nematode. Over the years, depending on the RF of the cultivars, the planted area may become totally unfeasible for production because of the multiplication and increase of the nematode's population. Thus, the information about the RF is also important in order to choose the soybean cultivars to be planted.
In this experiment all cultivars showed a RF> 1, and would be classified as susceptible [13] (Table 2 ), since they all reproduced the nematode. Similar results were obtained by Asmus & Andrade [19] in experiments with soybean cultivars recommended for Mato Grosso, where all genotypes showed a significant number of M. javanica eggs per gram of root and RF> 1, characterizing its susceptibility to nematodes.
Despite the valuable results obtained, and the relevance of knowing the nematode's RF for cultivar response to be used by the farmer, assessments carried out based only on the RF value may categorize soybean genotypes as resistant, while sometimes being intolerant. According to Silva [5] , when quantifying only the nematode's reproductive rate in soybean genotypes, it is impossible to separate resistance from intolerance, since in both cases the reproduction rate is low. However, in the resistant plants, the development is normal while in the intolerants, it is compromised.
Classifying genotypes by resistance against gall nematodes, performed using more than one variable, shows with higher accuracy the genotype response to them, once it is possible to consider not only the damage to the host by the nematode, but also the reproduction of the nematode within the host [1] . The response of genotypes to M. javanica, based on the scale of Canto-Sáenz [14] , which considers GI and RF, may allow to distinguish CEPsBt 09036 and CEPsBt 10129 genotypes evaluated in this study as being tolerant, as well as the standard BRS 256RR. The other materials were classified as susceptible, because they rendered values of GI> 2 and RF> 1 ( Table 3 ). The scale from Canto-Sáenz [14] was also used by Dias et al. [6] while evaluating a relatively small number of genotypes, when it was still possible to determine the parameters RF and GI to characterize the reactions. According to Canto-Sáenz [14] , the RF and the degree of injuries to the host are more effective criteria to evaluate the reaction of plants to gall nematodes.
Similar results based on the same criteria were also found by Soares & Santos [7] , where the reaction of 11 soybean cultivars to a population of M. javanica, resulted in only one cultivar (BRSMG Garantia) that responded as tolerant; the others, although they were considered susceptible, showed RF values above and close to 1, indicating, according to the authors, lower susceptibility. This is an important information, because as suggested by Asmus & Andrade [19] , in the absence of resistant cultivars to M. javanica in areas infested with the nematodes, selection must be favored within cultivars that do not allow a high reproduction of this nematode.
Despite limitations, the use of GI has already enabled the development of many soybean resistant or moderately resistant cultivars to Meloidogyne incognita and/or M. javanica in Brazil. Especially in the case of M. javanica where almost all these cultivars exhibit, although low values, a RF>1 [18] . Moreover, there is higher availability of cultivars with different degrees of resistance to M. incognita than to M. javanica [6] . Among the possible explanations for obtaining conflicting results with those in the available literature is the use of different evaluation criteria [14] . Some authors perform the classification of soybean genotypes, as well as other cultures, according to results obtained using GI, others use RF and still others use the two (GI and RF). In addition, another factor that may interfere and produce inconsistent results is the difference in aggressiveness of the nematode populations used, a quality that is local variable [20] .
